Introduction
Triatoma dimidiata is the most important vector of Chagas disease in Guatemala, El Salvador, Nicaragua and Costa Rica, and it is of secondary importance in Honduras and Colombia 1 . Across its distribution from Mexico to Colombia, Venezuela, Ecuador and Peru, this species can be found in both wild and domestic ecotopes 2 . In nature the species has been found in warm weather, in dry or humid forests, and from sea level to about 2,000 meters above sea level. Its natural micro-environments include caves, palm trees, rock piles, hollow trees, and opossum nests, among others 1 . In areas where Chagas disease is endemic, T. dimidiata can generally be found in rural houses and peridomestic structures. Similar to other triatomines that form domestic colonies, this species hides in cracks in earthen walls (adobe), under loose plaster, behind furniture, behind pictures or other wall ornaments, and under bed mattresses when these are present 2 .
To the best of our knowledge the only published study that has evaluated risk factors for house infestation by T. dimidiata was carried out in Costa Rica 3 , where houses with poor sanitary conditions, dirt floors, and tile roofs were more commonly infested. But using a multivariate loglinear model, the authors found that only roof type was a significant risk factor for infestation while the other factors in the model (sanitary condition, floor type, and firewood indoors) were found to be non-significant 3 . In Guatemala, prior vector surveys point to rural houses with walls made from earthen or vegetal materials (bajareque) to be more commonly infested with T. dimidiata 4, 5, 6 .
Evidently, the hygiene and construction conditions of rural houses that make them suitable for triatomine infestation are directly linked to socioeconomic status and cultural practices. For example, in rural areas of Morelos, Mexico, T. pallidipennis was more likely to be present in houses with adobe walls and with agricultural products stored inside the house; other risk factors included the lack of bed nets and number of rabbits 7 . But in urban areas of Morelos, the risk factors included the location of the house at lower altitudes (which was an indication that houses were of a lower socioeconomic status), the presence of a garden area of more than 80m 2 , an adjacent empty lot, and the presence of a diversity of animals around the house (dogs, pigs, squirrels, opossums) 8 .
In the present study we wanted to evaluate a set of variables that were indicators of the hygienic and construction conditions in the house, cultural practices, and socioeconomic status, as possible risk factors for intradomiciliary infestation by T. dimidiata in the southwestern department of Jutiapa, Guatemala. This department had been previously identified with the highest infestation levels in the country and has a well documented history of re-infestation after chemical spraying 6, 9, 10 .
The present risk factors study was conduced as part of a larger project regarding the evaluation of the effectiveness of a participative and multidisciplinary approach 11 to control T. dimidiata in Jutiapa. The identification of risk factors served as the foundation to develop interventions to control the vector that did not require overly expensive modifications to the houses or the introduction of unfamiliar cultural practices, thus facilitating the involvement of the people in the affected communities in the control of the vector.
Materials and methods

Study site
Four villages in the department of Jutiapa were selected to conduct this study: El Tule and La Brea in the Municipality of Quesada, and El Sillon and La Perla in Yupiltepeque Municipality. Both municipalities share similar socioeconomic backgrounds that we consider representative of the entire department.
The Municipality of Quesada is located in western Jutiapa. In the most recent national census 12 this municipality had a population of 17,869 with 99.6% of the people belonging to the Ladino ethnic group, which is the denomination given in Guatemala to people of mostly European descent or people who come from a mixed background (Mayan, European) but have lost Mayan cultural practices and speak almost exclusively Spanish. According to the census there were a total of 4,446 accommodation facilities (houses, apartments, improvised houses, etc.) in this municipality in 2003, of which 78% had adobe walls and 18% had block walls. Most roofs were covered with tiles (51%) or galvanized metal sheet (45%).
The Municipality of Yupiltepeque is located in eastern Jutiapa. In 2002 it had a population of 13,079 of which 86.7% were Ladinos and 13.2% Xinca (a non-Mayan indigenous ethnic group). There were a total of 3,142 accommodation facilities with 78% of those having adobe walls and 13% having block walls. The roofs were mostly made from galvanized metal sheets (64%) and tiles (32%).
Almost all of the population in both municipalities was Spanish speaking (99.7% in Quesada; 99.8% in Yupiltepeque) and a relatively large proportion of the population aged seven and above had basic formal education (76% in Quesada, 67.6% in Yupiltepeque). In Quesada 41.1% of the population above the age of seven was economically active (ie in employment) while this proportion was 37% in Yupiltepeque. Among those working, 52.3% and 86.6% were involved with agriculture in Quesada and Yupiltepeque, respectively. Quesada had a more diverse job market and the second most important activity was personal, communal and social services (19%).
Survey methods
In 2004, entomological and house condition surveys were conducted in a total of 644 houses from the four villages. Five teams formed by two people conducted the surveys: one of them was a member of the research team and the other one was a technician from Jutiapa's Health Department. At the moment of the visit, the people present in the house were asked for their consent to search inside the house for triatomines and were invited to help the surveyors fill out a form with some general information about the house and its inhabitants.
Once they orally agreed to collaborate, the surveyors searched inside the house for triatomines for a half hour, using flashlights to inspect walls, under bed mattresses, and behind furni-ture or any other object placed in the walls. All evidence of vector presence was recorded: live or dead triatomines, exuviae's specimens, eggs, or fecal streaks. After the entomological inspection various aspects of house conditions were assessed visually by one of the surveyors and recorded in standardized forms. Gathered information included the number of inhabitants, number of beds, presence of electricity, potable water, outhouse (bathroom), bathing customs, place for firewood storage, kitchen location (inside in bedroom or as a separate room), presence of domestic animals inside the bedrooms and occurrence of mice inside the house. Surveyors also registered data on house's material comfort, hygiene, and cluttering. Information about construction materials and plastering conditions of each wall in the house was also gathered.
The housing aspects evaluated as risk factors were selected based on our previous experiences in the area and on risk factors reported for Costa Rica 3 . Most of the factors were variables directly evaluated by surveyors that did not rely heavily on information provided by inhabitants (except for house age, animals, and mice inside the house). Although many of the variables were stable through relatively long periods of time (wall materials or roof type), some were more dynamic (place of firewood storage, number of inhabitants) and this could undermine finding associations with vector presence.
Based on the information gathered, houses were classified in three categories according to quality of living conditions to represent the socioeconomic status of the house. Category A houses were prosperous, had electro domestic appliances and the best combination of hygienic and house construction conditions: plastered walls and cement floors in all rooms. Category B houses were poor, had few or no electro domestic appliances, with poor hygiene (cluttering), with regular house construction conditions: unplastered walls or plasters in bad conditions and dirt floors in some areas throughout the house. Category C houses were catalogued as very poor, had no electro domestic appliances, very precarious hygienic conditions (cluttering, animals inside the house), generally with bad house construction: bedrooms with dirt floors and with most of the walls without plaster or only partially plastered.
Statistical analysis
Villages were similar in housing construction practices and culture, thus information from the four was considered together for the evaluation of risk factors. The interest was to determine which factors could explain the presence of the T. dimidiata in the houses. Because the villages under study had been previously sprayed at least once, it was difficult to find live bugs at the moment of the survey. Thus for this analysis, a house was considered positive for vector presence if either live insects or its products (dead insects, exuviae, eggs, and fecal streaks) were found by surveyors. In defining the variable this way, vector absence could be a result of live bugs or its products not being present in the house (either true or due to cleaning) or failure to detect them.
Seventeen variables were evaluated for possible associations with presence of T. dimidiata in a house (Table 1) . Some quantitative variables were aggregated to transform them into categorical (qualitative) variables. This was the case for house age, number of windows, number of house inhabitants, number of beds, and number of people per bed.
Chi-square tests of independence were conducted to evaluate associations between T. dimidiata presence and each of the 17 variables (alpha for the tests was 0.05). Where independence was not supported by the chi-square test, adjusted residual analysis was conducted. Under independence adjusted (adjr) residuals fall between -2 ≤ adjr ≤ +2, thus values outside this range indicate either significantly negative or positive trends 13 .
Further analysis using log-linear models allowed the study of the associations between two variables, while controlling for the effects of a third one 13 . The variables were used in each of the four models constructed ( Table 2) .
The variable "house category-house age" was created to evaluate associations between vector presence and house construction conditions (floor, walls, plastering) while controlling for house age and category. Older, poorer and untidier houses could be more likely to have exuviae or fecal streaks than newer, prosperous and/or cleaner houses. The new variable was constructed by combining the levels of the two original variables, resulting in 9 levels (3 house categories*3 house ages). For instance, the first two levels were "category A house, 0 to 6 years old", "category B house, 0 to 6 years old", and so forth.
Models were fitted using the PROC GENMOD procedure in SAS (SAS Inst., Cary, United States) with Poisson distributed errors and log links. The models fitted were homogeneous associations that included the three variables and all their twoway interactions. Fit assessment was performed by the deviance statistic that approximates a chisquare distribution. A good fit of this model to the data indicates significant associations among the three variables. 
Results
Among the 644 houses in the four villages, 199 (30.9%) had positive presence of T. dimidiata (Table 1) . Approximately one fourth of households (24.1%) were classified by us as category A or prosperous. Thirty percent of households were considered category B, with inhabitants that were poor but tended to keep a tidier house, while 45.5% of households were considered category C, very poor households with mostly unhygienic, cluttered, and inadequately constructed houses. Chi-square analysis detected significant associations between vector presence and 8 out of 17 variables (Table 3) . Most of those variables involved house sanitary and construction conditions (which facilitate shelter for the bugs). Adjusted residuals analysis indicated that vector presence tended to occur more often in category C houses (adjr = 6.49), with adobe walls (adjr = 4.64), with low quality or incomplete plastering (adjr = 6.08), with dirt floors (adjr = 5.53), with animals inside the bedroom (adjr = 3.00) and mice inside the house (adjr = 3.00). On the other hand, vectors were less frequent in houses less than 6 years old (adjr = -5.06), with two or more windows in the bedroom (adjr = -3.01), and with indoor bathing facilities (shower; adjr = -3.89).
The four log-linear models studied showed a good fit for homogeneous associations, as indicated by their deviance values ( Table 4 ). The first model evaluated associations among T. dimidiata presence, house category, and house age. When controlling for house age, the odds of vector presence in category A houses were 4.34 and 10 times lower than those for category B and C houses, respectively. Also, the odds of presence in category B houses were 2.32 times lower than for category C. When controlling for house category, the odds of vector presence in houses six years old or less were 3.44 times lower than for houses 7-18 years old, and 3.57 times lower than for houses 19 years or older.
The second log linear model indicated that T. dimidiata presence and floor types were conditionally independent, at each house category-age level. In other words, when each of the nine levels of house category-age was considered separately, there was no evidence for an association between floor type and vector presence. This differs from the univariate analysis result where these variables were significantly associated.
The third log linear model showed that at any level of the house category-age combination, the odds of T. dimidiata presence were not different between houses with no plastering versus those with low quality or incomplete plastering. However, unplastered houses did have 3.85 times higher odds of infestation than completely plastered houses. Similarly, low quality or incomplete plastering increased the odds of infestation 4.56 times compared to a complete plastering.
Finally, the fourth log linear model indicated that at any level of the house category-age combination, the odds for T. dimidiata presence were 9.55 times higher in adobe houses versus block houses, and 14.13 times higher in houses made from mixed materials versus block houses. There were no differences in odds among other types of house construction, except for reduced odds in houses made from other materials (like wood) versus mixed adobe-block (2.78 times lower).
Discussion
The present analysis provided evidence that poor socioeconomic status, precarious house conditions and poor hygiene practices in Jutiapa are associated with higher odds of intradomiciliary infestation with T. dimidiata. Many of the variables studied independently were inherently correlated because, for example, dirt floors were more common in houses with unplastered adobe walls, or indoor bathrooms and showers were related to prosperous houses (category A). An understanding of these correlations is important for our interpretation of the results.
Vector occurrence and poor hygiene were positively associated as indicated by a positive trend of bug presence in category C houses, with animals and mice inside the bedroom, and a negative association with indoor bathing facilities (more common in houses category A). Observations in the field lead us to conclude that in poorer houses (with lower incomes and fewer formally educated inhabitants) people will tend to allow poultry to nest inside the house and will Table 4 Associations between presence of Triatoma dimidiata and house category, age, fl oor, walls, and plastering. perform thorough cleanings less often, creating suitable conditions for triatomine infestation. Changing socioeconomic conditions is not a realistic short-term approach to controlling Chagas disease vectors, but improving sanitation in the house is achievable and can have a positive effect in reducing vector presence while promoting healthier overall lifestyles. Zeledon & Rojas 14 concluded that sanitary (and construction) improvement of the house creates conditions that difficult T. dimidiata infestation. In an anthropologic study conducted simultaneously as part of our transdisciplinary approach for Chagas control, hygienic practices were evaluated in more detail in order to identify the best approach to promote improved sanitation in accordance with local culture. The assignment of houses into a particular category (A, B or C) relied partially on house construction conditions; thus, after finding a highly significant association between house category and vector presence, the same was expected for construction variables. Wall materials, plastering conditions, house age, floor type, and number of windows were all identified as risk factors in the univariate analysis. The lower risk of vector presence in houses with two or more windows in the bedroom could be related to T. dimidiata's preference for hiding in dark places. If windows are open daily and bright light enters the rooms, this could help deter the vectors from establishing colonies in those houses as long as the hiding places are reached by the light.
Because T. dimidiata presence (as defined here) could be intrinsically higher in the older or less often cleaned houses by accumulation of fecal streaks, exuviae or other signs, it was considered important to evaluate some of the associations among vector presence and construction variables, controlling for house category and age by using log-linear models.
The models supported that, regardless of house category or age, adobe houses or those with mixed block-adobe walls and low quality or incomplete plastering, had increased odds of bug infestation. Although rebuilding houses with blocks could extremely reduce infestation risks, this approach is unrealistic in the existing socioeconomic situation. However, provisioning houses with a complete plastering of higher quality and durability could be a more attainable approach to control vectors and it could have an impact similar to new block walls. A follow up study by engineers in our research team determined the way inhabitants perform house improvements with emphasis on plastering, and investigated local materials to formulate an improved and inexpensive plastering formulation.
Our statistical models did not support dirt floors as a risk factor for T. dimidiata in Guatemala, as it has been suggested for Costa Rica 3, 15 . However, we believe that this factor needs further evaluation, possibly performed in locations where bug populations are increasing and forming colonies. The dust in the floors is used by nymphs of this species to camouflage 14, 15 and this behavior could have survival advantages for the bugs.
Reduction or elimination of intradomestic T. dimidiata and the prevention of reinfestation are the priorities for Chagas control across the distribution of this vector. Different areas should evaluate their particular risk factors, but as studies throughout the years have evidenced the poor hygiene and the defective construction of typical rural houses, which are linked to low socioeconomic status, are the common denominators that increase odds of infestation with various triatomine species 3, 7, 8, 16, 17 .
When risk factors are targeted to eliminate intradomestic vectors, those same improvements will also help prevent reinfestation after chemical spraying. A study in Argentina that followed up the reinfestation of houses by T. infestans 16 found evidence that the number of bugs in a household previous to insecticide spraying and the surface conditions of indoor walls were significant domestic risk factors for reinfestation. Thus improving the indoor walls' conditions could have reduced the risk of reinfestation in that case. In addition to house construction improvements, people should be empowered with information to protect themselves against sporadic vectors entering houses; frequent thorough cleaning and better sanitation would also increase protection because bugs will be detected during the day and eliminated.
The present study successfully provided us with evidence that supported our transdisciplinary approaches for the control and prevention of intradomiciliary infestations. Insecticide spraying continues to be a very effective approach to reduce the populations of bugs (and other nuisance invertebrates like scorpions, cockroaches and fleas) and is generally well received by the population. Complementary control efforts must be prioritized in category C houses that have poor hygiene, deficient construction, and inhabitants of low socioeconomic status and low education. These complementary approaches must include better wall plastering and sanitation of the house. Contributors D. M. Bustamante contributed on study design, data analysis and interpretation, and manuscript preparation. C. Monroy contributed on study design, data acquisition, and manuscript preparation. S. Pineda collaborated on data analysis, data acquisition, and manuscript arrangement. A. Rodas contributed on data analysis and tables formation. X. Castro collaborated on data analysis and tables construction. J. Quiñónez contributed on data acquisition and manuscript corrections. B. Moguel collaborated on data acquisition, reading and correcting the manuscript. V. Ayala collaborated on study design and correcting the manuscript. R. Trampe contributed on mainly field work and data collection.
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